W

B Lawrence Livermore -
National Laboratory ‘.

" Colgate-Palmolive

Lattice QCD Input to Axion Cosmology

Evan Berkowitz
Lawrence Livermore National Laboratory

Workshop on Microwave Cavity Design for Axion Detection
LLNL

Thursday, August 27th, 2015

Phys. Rev. D92.034507 - E. Berkowitz, M. Buchoff, E. Rinaldi arXiv:1505.07455

LLNL-PRES-669910

This work was performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344



AXIONS

Peccei & Quinn: PRL 38 (1977) 1440, PR D16 (1977) 1791
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Axion mass QCD Topological Susceptibility

» After production axions get diluted Iifzt)(}j; — # axions in a fixed comoving volume
- Requiring p(today) < pom gives an R(T ) 3
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Axion Constraints
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Axion Constraints
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CAVEAT

We currently study pure Yang-Mills (gluons only)
and not yet full QCD!

- Dramatically more efficient algorithms enable huge statistics and volumes,
shorter autocorrelation times.

- Should agree at (asymptotically) high temperatures

But: for getting a lower bound on ma it's not so bad!

* Pure glue is the « quark mass limit, and theory arguments imply x(T) should
go to 0 when even one quark mass — 0. So plausibly X(T)aco < X(T)giue

- Bound gets stronger when x(T) gets smaller.



Axion production ceases when 9H?2 f2 = m? f2 = y

Berkowitz, Buchoff & Rinaldi, PRD92.034507 arXiv:1505.07455
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The Over-Closure Bound As It Stands Today
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The Over-Closure Bound As It Stands Today
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